Retinoblastoma protein switches the E2F site from positive to negative element.
Originally E2F sites were identified as elements in the promoters of adenovirus early genes that are necessary for activation of these genes by the early protein E1a (ref. 1). E2F promoter elements have been shown to be important for transcriptional activation of several genes critical for progression through the cell cycle. During the G1 phase of the cell cycle, the E2F protein forms a complex with the cell-cycle protein Rb (ref. 5) and it has been suggested that this binding of Rb to E2F inactivates E2F (ref. 5). Here we show that Rb-E2F is an active complex that, when bound to the E2F site, inhibits the activity of other promoter elements and thus silences transcription. We propose that the ability of this complex to inhibit transcription is integral to the function of Rb and provide evidence that E2F is a positive element in the absence of an active form of Rb. It has been shown that binding of Rb to E2F depends on the phosphorylation state of Rb (only the underphosphorylated form binds) and that the phosphorylation state of Rb changes during progression through the cell cycle. We therefore suggest that the E2F site alternates between a positive and negative element with the phosphorylation/dephosphorylation cycle of Rb. This cyclic activity may be responsible for activating and then inhibiting genes during the cell cycle.